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By J. S. BEARD, D.Phil., King's Park and Botanie Garden, Perth,
Western Australia.

432 aeres of land on Mount Eliza, overlooking the Swan River,
were rescrved in 1872 “for the purpose of a publie park and rcerea-
tion ground.” The area was extended to approximately 1,000 acres
in 1890, and today (with minor alterations to boundaries) stands at
996 acres. The original title of “PERTH PARK" was changed to
“THE KING’S PARK” in 1901,

Beautifieation and the development of civic amcnities was eom-
menced in 1895, but about four-fifths of the area, that is, about 800
aeres, still remains under natural woodland—natural in the sense
that it is self-sown and has not been artifieially eleared or planted,
but not virgin in the scnse of an undisturbed elimax vegetation
whieh has remained unchanged for eenturies. In spite of certain
popular sentiment which likes to regard King's Park as “unspoiled
virgin bushland,” the plain faet is that the bush of the Park has
beeome severely degraded during the prescnt century. Everywhere
large old forest trces stand stagheaded or dead and there are no
vigorous young oncs of the same speeies to replace them. To the
most casual observer it is apparent that a former tall, open wood-
land dominated by cuealypts is in proeess of replacement by a low
dense woodland consisting mainly of banksia and casuarina. In 1965
a detailed study of a small area of 16 acres of the park was made,
in order to reeonstruct a picture of the original euecalypt stratum
from relics which still remained; to obtain acecurate data on the
strueture and composition of the present woodland; and to endeavour
to understand some of the degradation proeesses at work.

King's Park is so well known that no preliminary description of
conditions affecting its eeology should be neecssary. It may be use-
ful, howcver, to east a glanee at the prineipal types of vegctation
found on the Swan Coastal Plain, of which the Park forms a part.
Woodland types predominate and a series ean be traced related to
increasing age and leaching of the soil from the eoast inland, Near
the eoast stands of FEucalyptus gpmphocephala (tuart) oceur,
usually on ridges, where the stand is densc, canopy almost elosed
and there is a sparse understory of small trees and largc shrubs
consisting mainly of wattle (Acacia cyanophylla and A. spp.) and
Xanthorrhoea. Height of the euecalypts may attain 100 feet and the
soil is a deep yellow sand with irregular projections of hard lime-
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stone. This is the finest woodland on the eoastal plain. On rather
more leaehed soil, height is reduced to 60-80 fect, the tuarts beeom-
ing sparser and mixed with Eucalyptus marginata (jarrah) and
Banksia and Casuarina appear in the understory. This is the King's
Park type.

The next community along a seale of reduetion with inereasing
leaching of the soil is to a pure jarrah overwood 50-60 feet in height
with a wecll-developed lower layer of Banksia and Casuarina. This
type again merges into a more redueed one 25-30 feet tall mainly
of Banksia attenuata and B. mencziesii with occasional speeimeng
of E. todtiana which barely emerge above the general canopy. Thig
last type is found essentially on deep whitc sands of coarse texture
in whieh leaehing of nutrients and the finer soil fraetions has pro-
eeeded to an extrecme and water-holding capaeity has beeome ex-
tremely low. The same typc of vegetation is also found locally on
limestone outcrops earrying little or no soil where moisture is
equally a eritical faetor.

It would be natural, where any one of these types of plant
eommunity had been damaged or destroyed, for it to bhe replaeeq
at least temporarily by a different one resembling another related
eommunity further down the seale, in the series representing g
deterioration within thc same general type of habitat. The writer
has observed that this is frequently the case with disturbance
eommunities in other parts of the world. Thus we should expeet
that a general collapse of the ecosystem of the King's Park euea-
lypt woodland would lcad to its replacement by a lower growth of
thc more tolerant Banksia and Casuarina, resembling in physiog-
nomy the Banksiu-E. todtiana type

THE STOCKTAKING SURVEY
The area ehosen is shown in Fig. 1 and was a part of the Park
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Fig. 1.—Plan of area studied with positions of trees plotted.
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in whieh 24 x % aere plots had bcen laid down for an experiment in
vegetation management. The existenee of the plot boundaries faeili-
tated plotting of the positions of the ineluded trees, and the data
reeorded would also in the long run prove useful in the experiment
itself. In addition to the plot area of 12 acres, about 4 acres of
ground between the plots and Lovekin Drive and a nearby slab
traek were also ineluded. Within this total area, the position of all
eucalypt trees, living or dead, was plotted, with a record of species,
diametcr, height and eondition of the tree. The smaller and more
numcrous banksia and easuarina trees were not plotted, but instead
the total number of eaeh was counted in eaeh of the } aere plot
arcas. Considering first the eucalypt population, only two speeies are
present, tuart and jarrah, in the proportion of 3:1. Of the large
trces 18 in. diameter and over, 849 arc tuart, but the proportion of
thesc is less among the small trees (65%¢). Large jarrah may have
been felled and sawn by early settlers, lcaving only inferior coppiee
to replaee it; or altcrnatively, tuart may always have been pre-
ponderant. Distribution is irregular, and a pattern is notieeable of
alternation of relatively dense groves of large-sized tuart without
jarrah and areas of smaller trees where the two species mix. It is
supposed that this is due to soil eonditions.

In order better to illustrate strueture of the stand and its de-
terioration, a profilc was mcasured in the study area 300 feet long
and 50 feet dccp, and this is shown in Fig. 2 with the stand as it
appears today contrastcd with a reconstruction showing the existing
trees in full canopy. The profile was not sclected at random but was
chosen to include as many large trees as possible in order to drama-
tise the degradation of the stand. The profile is actually more
denscly stocked with euealypts than the average of the study area
and eorrcspondingly understocked in the lower story.
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Fig. 2.—Measured profiles of tuart woodland in King's Park.
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1t is possible to say in general, however, that originally the
woodland eonsisted of an open stand of large, spreading trees, the
dominants averaging 60 ft. in height with some reaehing 75 ft. or
80 ft. and 2-3 ft. in diameter with some reaching 5 ft. These
trees braneh or fork low down usually between 5 ft. and 15 ft. above
ground and the branehes spread widely. Owing to the bad eondition
of the surviving trees it is difficult to obtain an exaet figure fop
erown spread, but many of the better dominants spread to 30 ft. 19
50 ft. in radius from the butt. Between the large dominants a slightly
smaller number of smaller trees is found reaehing 50 ft, in height
and 18 in. in diameter which are thought to represent suppresseq]
trees growing in the vieinity of old dominants and partly young
trees on their way up in gaps; with the general deterioration of the
stand any young trees seem to have stagnated also, and died back
so that the normal proeess of regeneration has been arrested. Thig
applies also to saplings and scedling regeneration. The condition of
the 194 cuealypt trees (144 tuarts and 50 jarrahs) reeorded in Feb.
ruary 1965 is shown in the aecompanying table.

Dominants Smatl  trees Total o

t j* all e i* all
Full foliage 0 1 1 3 4 7 8 4
Stagheaded 11 8 19 20 16 36 55 28
Dicd back to 1/3-

2/3 of helght 15 0 15 1 2 6 21 | 11
Died back to 0-1/3 16 0 16 10 4 14 30 16
Died back to base 18 2 20 13 4 17 37 19
Dead' ‘ 24 5 29 10 1 14 13 22

Totals l 8 16 100 | 60 31 94 194 l 100
_——

“t-—tuart; j—jarrah.

Stumps of all trees that had died in reeent years were loeated
and reeorded as far as possible but some may have been missed. On
the reeord, of 194 trees 43 (22%) have died eompletely and only
8 (4%) retain something like full vigour. The rest are in various
stages of diebaek. The jarrah have tended to remain in better eondi-
tion than the tuart, 509 of all jarrah being reeorded as stagheaded
only, and 109 as in full foliage; all the same their general appear-
anec is poor and it is probable that little or no growth is being
made. In the same way small trces have tended to retain vigour
longer than dominants and there is a relatively large number in the
stagheaded elass.

The symptoms of reeession in these trees are a progressive die-
baek of the erown; foliage is eonfined first to epieormie growth on
the branehes (stagheaded), later on main limbs only, later still on
the lower part of the trunk, and on eoppice shoots arising from the
stump, until finally death supervenes. Basically the trouble is an in-
ability to restore foliage lost through bushfire or borer attaelk,
whieh suggests weakening of the tree by some other cause. A small
proportion of living trees are fire-searred at the base, and some on
being felled are found to have termites aetive in the heartwood but
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neither of these can contribute in a general way to the weakening
of the stand.

It is possible to work out from the data the area of euealypt
erown eover whieh still remains, though to eompare this with the
original stand is more diffieult, The total erown area of the living
euealypt trees at the present day is estimated at 7060 sq. yds., or 9%
of the area of 16 acres. Stand density, with 194 trees on 16 aeres, is
12 per aere, 6 of these being dominants and 6 smaller trees. Owing
to the falling away of the limbs of half-dead trees it is diffieult to
form an aeeurate impression of the crown spread of the original
stand. As an approximation the erown spread of the least deterior-
ated trees in the study area in the Park was plotted against the
stem diameter at breast height and appeared to show a linear rela-
tionship whieh may be interpreted as 20 feet of crown diameter for
every 1 foot of stem diameter. On this basis the erown eover of the
original woodland is estimated as 21,770 sq. yds. or 4.5 aeres, 28%
of the total of 16 aeres. This is three times the present day figure,
and is of eourse purely eonjeetural.

With the deeay of the former euealypt overwood, canopy dom-
inanee is now assumed by the lower stratum of Banksia spp. and
Casuarina fraseriana (Sheoak) whieh attains only 25 feet in height.
It seems probable that the members of this stratum have inereased
in numbers sinee stand degradation set in. All these trees in the
24 x } acre plots of the vegetation management experiment were
counted, taking as trees all specimens over 6 feet in height, and
the figures set out in the aceompanying table. The three species of
banksia present (B. grandis, B. menziesii and B. attenuata) were
not enumerated separately sinee B. grandis is relatively rare and
the other two intermingle freely and appear to be ecologieally
equivalent. Stoeking is variable but the average per acre is as
follows (in round figures):—

Tuart trees 8 - 9 5%
saplings 1
Jarrah  trees 4 - 7 1%
saplings 3
TOTAL EUCALYPTS 16 9%
Banksia 69 39%
Casuarina 92 52%
Other 1 —

TOTAL ALL SPECIES 178

This estimate is based on 12 aeres instead of the 16 used for the
euealypt enumeration eited earlier but the number of euecalypt trees
(disregarding saplings) is the same per aere. The enormous prepond-
eranee in numbers of the banksias and easuarinas over the euealypts
is most striking, as is the seareity of eucalypts in the sapling stage.

A few of the tuart saplings—3 or 4 in the area studied—appear
vigorous and in good eondition and may be fairly reecent seedlings.
The rest, and all the jarrah, are as wretehed and full of diebaek as
the older specimens of their speeies. Many, espeeially jarrah, have
obviously been burnt back repeatedly and eonsist of clumps of ecop-

81



pice. If the eucalypt community as a whole were in normal healthy
condition, the amount of regencration present would actually be
adequate, but as things are the young individuals are clearly not on
their way up to restore eucalypt dominance. They share in the gen-
cral deterioration. Banksia and casuarina on the other hand can be
seen regenerating in open spaces and (depending on frequency of
fires) may be maintaining their populations. These two elements
intermingle freely but a tendency to form pure groups is also notiee-
able. The conditions of their regencration appear to be somewhat
different and would aceount for this, Casuarinas frequently form
dense thickets and onec established are very hardy and persist for
many vears. A dead one (in the absence of fire) is hardly ever ob-
served and many specimens live to a great age. Banksias on the
other hand regenerate and establish more freely, and are relatively
short-lived so that the bush is full of dead individuals which have
succumbed naturally, especially in the summer. Both banksia and
casuarina are hardy to fire and well withstand severe crown fires
which destroy not only their leaves but the smaller branehes as well.

It is very diffieult to obtain an estimate of the erown cover of
the Banksia-Casiarina stratum since the stand is so irregular, but
with 160 individuals per acre and a probable mean eover of about
15 sq. yds. caeh, the total cover would be approximately 509%. The
stratum is not a elosed one except locally in thiekets.

It has been shown that the erown cover of the euealypt stratum
has been reduced to about a third of its probable original value, and
observation suggests that crown eover of the lower story has in-
creased in the process.

CAUSES OF DETERIORATION

It is casy enough to show what has happened to the King's Park
woodland, but less easy to assign causes for the change. However,
deterioration can only be due to adverse changes in environmental
factors, either climatie, edaphic or anthropogenie. It is difficult to
envisage any adverse changes in the first two, so that the anthro-
pogenic factor must be responsible,

It is believed that the ecarly settlers ol Perth felled jarrah in
the Park for building purposes, but there is no evidence that tuart
was worked to any extent. Felling of jarrah must have taken plaee a
very long time ago, probably before 1871 when the first part of the
Park was reserved, and certainly not after 1890 when the Park was
consolidated and placed under management. The fellings may, how-
ever, have initiated the cycle of deterioration. Otherwise the princi-
pal disturbance factor has becen the bushfire.

It is known that Aborigines used to burn off the ecountry but we
have unfortunately no detailed information about their praetice.
Fires are also sct by lightning, and used to arise from Lhis eause. The
primitive or “original” woodland of King's Park grew up in equilil-
rium with the fire pattern of its early days, and subsequent ehanges
in the fire pattern would tend to evoke changes in the vegetation.
What has happened is that low-canopy dominance has replaced high-
eanopy dominance. An ecquilibrium between a tall euealypt stratum
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and a sparsc understory has becen replaced by another in whieh a
dense understory is dominant to the exelusion of tall euealypts.

The writer suggests that the sequenee of events may have been
as follows:—

1. Early settlers opened the eanopy by felling jarrah. This
stimulated the understory.

2. Fires beeame less frequent but more destruetive due to more
fucl and so damaged euealypt eanopy more.

3. The canopy was progressively more and more opened, and the
undergrowth became denser and thieker between fires.

4. Eventually the increased number of understory trees eame to
eompete for moisture in summer with the eucalypt dominants
whieh died baek progressively.

As far as can be ascertained, diebaek of the ecuealypts first
became notieeable in the 1920s, and began to aeeelerate in the 1930s.
At that time it seems that resourees for firefighting were somewhat
limited, and fires in severe wecather would have been diffieult or
impossible to eontrol. During the administration of Superintendent
J. E. Watson from 1938, firebreaks and mechanical firefighting
equipment were introdueed and a poliey of eontrolled burning-off in
eool weather, These measures undoubtedly reduced fire damage but
none the less it was during this period that the eucalypts became
worst affected. The reason for this, it is suggested, may have been
that copious regeneration of banksin and casuarina had already
followed earlicr fircs. Protection allowed these to grow up into a
dense layer that could eompete too strongly with the eucalypt over-
wood. Proteetion, in other words, coming at this juncture, adminis-
tered the final blow.

MEASURES OF REHABILITATION

It is assumed as a desirable objeet of park management that
the process of dcterioration in the bush should if possible be arrested
and reversed. It eould be desirable to recreate the eharaeter of the
primitive woodland in selected arcas, and basically the problem—
whieh is to restore only 12 healthy tuart and jarrah trees per aere—
might appcar a simple one. However, replanting which had been done
sporadieally over the past 25 years has hardly added one new healthy
dominant to the Park bush. Young trees can bc established easily
enough, but it has been found that after only a few ycars they be-
come stagnant; any tuarts among them are attacked by inscets and
go into a decline. Marri (E, calophylla) rcmain hcalthy but grow
slowly. In any ease all of them have becn subjected to fire damage.

It has been found in studies of tuart regeneration in the forest
at Ludlow (Mr. G. E, Brockway, private communication) that the
species will regenerate vigorously on ashbeds but is soon susccptible
to the eompetition of established surrounding trecs and deelines as
in King's Park. In open, eleared plots, however, young tuart will eon-
tinue to make good, healthy progress. Evidently, therefore, there are
two requisites to sueeess—freedom from compclition and from bush-

fircs.
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Experiments in King's Park over three years have now sue-
eeeded in developing a teehnique for sueeessful mass establishment
of six to nine month old seedling trees. If planted in natural gaps
in the bush eanopy whieh have heen eultivated by rotary hoe, these
will survive the following summer and make good growth, without
watering or attention, and even if apparently drought-tender speeics
like E. diversicolor (karri) and E. guilfoylei (tingle) are ineluded.
Height growth and luxurianee are mueh improved by dressings of
organie manure.

It is thought that healthy trees, therefore, ean be grown in the
Park bush if they are properly treated and fire-protected.

It will be neeessary to eontinue experiments for some years,
planting out groups of young tuarts, jarrah and marri, manuring
and tending them, and gradually removing eompetition by banksia
and easuarina from their vieinity. This will neeessitate vigorous
progressive felling of the latter, but we already know from past
experienee that unless this is done the cuealypts eannot be ex-
peeted to make good growth., Mowing of the ground vegetation
around the groups of trees will be relied on for fire protection.

OCCURRENCES OF THE DOUBLE-BANDED DOTTEREL
IN WESTERN AUSTRALIA

By JULIAN FORD, Perth,

The Double-banded Dotterel (Charadrius bicinctus) is a New
Zealand breeding speeies whieh during the post-breeding period vir-
tually deserts the South Istand, and eongregates on the North
Istand, while a eonsiderable proportion of birds migrates across the
Tasman Sea to eoastal eastern Australia, Tasmania and South Aus-
tralia where a small number of non-breeding birds remain during
the normal nesting season (W. B. Oliver, New Zealund Birds, Wel-
lington, 1955, p. 259). Some birds penetrate many miles inland in
castern Australia (J. Hobbs, The Emu, 61, 1961: 30; 56, 1956: 434),
It also visits Lord Howe, Norfolk and the New Hebrides Istands, and
on rare oeeasions a few wander along the south eoast as far as
South-western Australia (D, L. Serventy and H. M. Whittell, Birds
of Western Australiu, Perth, 1962, p. 190), where it has been ob-
served at six loealities, Beeause of some eonfusion regarding these
few known oeeurrenees in Western Australia, plus the faet that
details of several speeimens colleeted in the State have never heen
publieised, all definite sightings of the Double-banded Dotterel in-
eluding a reeent reeord are listed.

Point Maleolm, east of Esperance. J. T. Tunney eolleeted three
speeimens—two males and one female—at Point Maleolm on June
16/17, 1906. The two males, one being in breeding plumage and the
other in advanced moult into breeding plumage, are now in the
Ameriean Museum of Natural History (nos. 736952/3), while the

female, whieh is in eelipse plumage, is in the W.A. Museum (no.
8921).
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